Background: Hypertension is a major risk factor for cardiovascular disease, and its control rate has remained low worldwide. Studies have found that telemonitoring blood pressure (BP) helped control hypertension in randomized controlled trials. However, little is known about its effect in a structured primary care model in which primary care physicians (PCPs) are partnering with cardiology specialists in electronic healthcare data sharing and medical interventions. This study aims to identify the effects of a coordinated PCP-cardiologist model that applies telemedicine tools to facilitate community hypertension control in China.
Background
Hypertension is one of the major causes of death globally and affects more than 20% of the adult population in China, according to the latest statistics [1] . Multiple lines of evidence have suggested that lowering blood pressure (BP) with anti-hypertensive medications and a more healthful lifestyle would decrease mortality and disability from severe complications [2] [3] [4] . However, hypertension remains inadequately treated through routine provider visits and patient self-management. In China, the majority of hypertension care is provided by primary care physicians (PCPs) in community practices. The imbalance between the small number of available PCPs and the vast number of patients has limited the average PCP visit to less than 9 minutes. Hypertensionspecific assessments such as reviewing BP trends, ocular exams, and renal function tests are not often performed, and education about medication adherence and behavioral changes may not be provided as necessary.
The advent of mobile healthcare technologies and telemedicine systems has demonstrated tremendous potential to improve the effect of chronic disease management of hypertension, diabetes, cardiac disorders, and respiratory diseases [5] [6] [7] [8] [9] . A recent meta-analysis indicated that blood pressure telemonitoring could reduce systolic blood pressure (SBP) by 4.7 mm Hg and diastolic blood pressure (DBP) by 2.5 mm Hg, with an increased hypertension control rate [10, 11] . In diabetic care, a more robust app-based glycemic control algorithm has proven effective in reducing HbA1C by 1.9% in clusterrandomized trials [9, [12] [13] [14] . These beneficial effects are considered to result from enhanced disease awareness, self-management, and patient engagement by healthcare professionals [15] [16] [17] [18] . It is therefore conceivable that broader implementation of telemedicine systems may help restore the balance of supply and demand in community hypertension care services by mobilizing patient involvement and improving provider's efficiency.
To combat the growing public health challenge of hypertension, regulators in Shanghai, China are piloting a novel community healthcare PCP-Cardiologist Telemedicine Model (PCTM) in which PCPs are collaborating more closely with cardiologists of larger comprehensive hospitals by leveraging a telemedicine system that integrates remote BP monitoring with healthcare decision support engines. The present paper describes a three-arm randomized controlled trial (RCT) to evaluate the effectiveness of this model in which BP data and personal healthcare information are collected, stored, and displayed by a mobile app in sync with the cloud engine, and personalized healthcare delivery can be provided in a proactive and preventive way by the joint effort of PCPs and cardiologists. By comparing the BP control outcomes of (1) usual care, (2) patient self-management using telemedicine tools, and (3) the PCTM, which includes the coordinated cardiologist services plus the same set of telemedicine tools, we will be able to draw more precise conclusions about this PCTM in hypertension management and determine whether a similar model should be developed for other chronic conditions. Furthermore, as our previous study conducted in more than 3000 retail pharmacies has implicated that improved medication compliance might be the main mechanism underling better BP control, we will perform a Morisky analysis to identify the correlation between medication adherence and the effect of hypertension care in this trial [19, 20] .
Methods/design

Study design
The coordinated PCTM study is a 12-month, pragmatic three-arm trial aiming to compare two telemedicinebased hypertension interventions with usual care. Group 1 participants receive usual care (UC) that complies with China's Hypertension Prevention and Treatment Guideline 2010 (the national guideline) [21] . Group 2 patients additionally receive a BP telemedicine system including a BP telemonitor and a mobile app. Group 3 participants receive all of the above plus coordinated services jointly provided by their PCPs and a designated team of cardiologists who have access to the secure CareLinker website and review patient data with PCPs once every 3 months. PCP-directed proactive interventions such as phone consultations, requests for an immediate clinic visit, or referrals may also be given to Group 3 participants if their relevant PCP receives alerts produced by the CareLinker cloud engine as a result of detecting abnormal BP variability. A total of 330 enrolled patients will be randomized to each group in a 1:1:1 allocation ratio, and all outcome measures will be assessed at baseline (T1), 6 months (T2), and 12 months (T3) throughout the study duration ( Fig. 1 ). We hypothesize that timely healthcare information exchange and closer collaboration between PCPs and cardiologists will improve community BP control. The Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) checklist is presented in Additional file 1 [22] .
Setting
This study will be taking place in the XuHui District in Shanghai, China. The four participating community healthcare centers (CHCs) are classified as tier 1 clinics; each has approximately 30-40 practicing PCPs, and they provide a full range of primary care services to nearly 330,000 residents in total. Cardiologists are mainly recruited from Shanghai Chest Hospital, which is located in the same district and is one of the largest chest specialty hospitals in the nation. Potentially eligible patients are identified and referred by PCPs from CHCs, where all data collection will be conducted including baseline and follow-up tests, except for home-based BP telemonitoring.
Eligibility: inclusion and exclusion criteria for patients
Inclusion criteria of the trial are as follows: (1) age 21 years or older; (2) a clinical diagnosis of hypertension with uncontrolled BP in the previous 3 months, and currently taking or about to take anti-hypertensive medications; (3) received high school or higher level of education; (4) active user of smart phone (Android or Apple) and mobile apps; (5) the average of three BP measurements during the screening visit at the CHC is ≥140/90 mm Hg, or ≥130/80 mm Hg if the patient has diabetes or renal disease; (6) the ability to give informed consent.
Medical exclusion criteria include the following: acute coronary syndrome, heart failure, cardiac arrhythmia, stroke within the past 3 months, renal failure, cancer, dementia, severe or acute psychiatric illness, pregnancy or intention to be pregnant in the next 18 months, and hospitalization within 3 months. Additional exclusion criteria include participation in another clinical trial, arm circumference >32 cm (this may affect the accuracy of BP measurement due to the cuff size limit of the telemonitor), and unwillingness to comply with the 12 months intervention duration.
Withdrawal
Withdrawal criteria include the following: (1) the participant intends to drop out of the study; (2) the participant is unwilling to follow the study protocol such as not visiting the clinic as scheduled or having the lab tests performed; (3) the participant is withdrawn due to critical medical reasons. For patients who withdraw from the study, we will obtain a consent form to retrieve data directly from their electronic healthcare records (EHRs) in the CHCs and compare their outcome indicators with those from the patients who complete the study.
Participant recruitment
We estimate that each participating CHC has at least 8000 registered patients with hypertension who have been receiving the regular community hypertension care (i.e., usual care), resulting in more than 32,000 patients being available for this recruitment. Potential participants are identified either through direct PCP referrals or by screening CHCs' EHRs following three eligibility criteria: (1) age 21 years or older, (2) had uncontrolled BP in the previous 3 months, i.e., ≥140/90 mm Hg; (3) received high school or higher level of education. Eligible participants are first screened over the phone for interest in participation, experience in smart phone and app use, and willingness to provide the consent form. Those who remain eligible are invited to their registered CHC to attend the screening sessions with at least two PCPs and one research electronic engineer who instructs participants on the use of the BP telemonitor and ensures that participants have the appropriate Android or Apple smart phone to download and use the CareLinker app. If the participant has uncontrolled BP, as defined in the above inclusion criterion 5, during the screening visit and signs the consent, the research nurse will continue the procedure by collecting baseline laboratory tests and study questionnaires. The eligible patients will be randomized to the control or to one of the two intervention groups. The recruitment process is expected to take 12 months to complete from September 2016 to September 2017.
Outcomes
Primary outcome measures
The primary endpoint of the trial is changes in mean SBP from baseline (T1) to 12 months (T3) measured using the BP telemonitor (Bliss BL928). The 12 months BP readings will be determined by taking the average of three BP measurements at the follow-up visit to the CHC. All BP data are collected and uploaded simultaneously to the trial database.
Secondary outcomes
The key secondary endpoints are changes in mean DBP and hypertension control rate defined as BP <140/90 mm Hg or <130/80 mm Hg (for patients with diabetes or renal diseases) following the national guidelines [21] and changes in measures related to hypertension complications (HbA1C, body mass index (BMI), and lipid levels) from baseline (T1) to 6 months (T2) and 12 months (T3). The other secondary outcome is anti-hypertensive medication adherence, which is assessed by the self-reported, eight-item Morisky Medication Adherence Scale (MMAS) modified to focus on BP drugs at baseline (T1) and 12 months (T3) [20] . These outcomes are measured for the three study groups and compared between the control and intervention groups.
Sample size and power calculation
The sample size required for this RCT is 330 patients based on the following assumptions. The RCT is powered to detect a clinically meaningful difference in average change between baseline and 12 months SBP of 7 mm Hg and DBP of 5 mm Hg between Group 1and Group 3. We assume that the standard deviation for difference in SBP from baseline to 12 months is 16.5 mm Hg and the difference in DBP from baseline to 12 months is 11.5 mm Hg. Using a two-sample comparison of the mean change between Group 1 and Group 3, a sample size of 88 patients per group is required to have 80% power at the 95% confidence level. This number is further adjusted to 110 per group to account for an estimated dropout rate of 20% during the 12 months follow-up. To reduce this potential dropout, we will provide all participants an additional 2 years of free health consultation services from PCPs and cardiologists as an incentive after they complete the trial. All analyses will be performed according to the intention-to-treat (ITT) principle.
Randomization process
We use a block randomization design to ensure balance within CHCs and baseline SBP measurements. We set each CHC as a block, and patients are randomized to three groups in each block with a rate of 1:1:1. A study statistician is solely responsible for generating the randomized allocation sequence using computer software (MATLAB version 2014a) and assigning patients to the intervention or control groups. The allocation sequence is concealed in opaque envelopes from all study researchers until the interventions are assigned. Furthermore, an engineer from CareLinker who does not know the grouping information is in charge of training participants of Groups 2 and 3 to use the BP telemonitor and app in order to ensure an equal level of training between the two intervention groups. Due to the nature of the intervention, the study is an open-label trial to all participating patients, physicians, and coordinators at each site.
Group 1: usual care
After enrollment into the study, the UC group (Group 1) patients are managed by their PCPs at the registered CHCs as usual. The healthcare services offered to them comply with the national guideline and include designated follow-ups by PCPs once every 1-3 months for stage 1 (≥140/90 mm Hg) hypertension patients, once every 1 month for stage 2 (≥160/100 mm Hg), and once every 2 weeks for stage 3 (≥180/110 mm Hg) patients [21] . The standard basic measures include blood pressure, fasting blood glucose, serum blood lipids, electrocardiogram (EKG), renal function, weight, and BMI. Patients receiving UC are encouraged to use a logbook to record home BP measurements and present the results during the CHC visit. In addition to medication adjustment or prescription refill, PCPs will review BP trend according to the logbook records or history data in the EHR, provide lifestyle coaching such as dietary, weight management, and physical activity advice, prescribe necessary lab tests, and make referrals to specialists for further treatment of hypertension or comorbidities. PCPs are also responsible for promoting national and regional hypertension management guidelines during each patient encounter. Similar to the intervention groups, UC patients will have three study visits, at baseline (T1), 6 months (T2), and 12 months (T3), to complete study tests and questionnaires.
Group 2: Intervention, self-management using the telemedicine tool
Patients randomly assigned to this group receive a BP telemedicine system developed by CareLinker Inc. (Shanghai, China) to facilitate BP self-management in addition to all the usual care components. A more detailed description has been reported previously [23] . In brief, the system consists of (1) a BP telemonitor with embedded GSM module that can upload BP readings to the cloud database immediately after the selfmeasurement; (2) a mobile app that allows patients to manually input healthcare data, display history BP measurements and lab test results, receive personalized lifestyle coaching contents and medication reminders, and communicate with PCPs about hypertension-related health concerns through text messaging.
Group 3: Intervention, managed in the PCP-Cardiologist Telemedicine Model (PCTM)
Group 3 participants receive all the interventions described above for Groups 1 and 2. In addition, PCPs and cardiologists are provided access to the secure CareLinker website where they can review patient healthcare data including all BP measurements, lab test results, medications in use, and comorbidities if any. They can also use the auto analytics tools of the website to view the BP average, BP trend, and the risk score of each patient developing cardiovascular disease (CVD). The CVD risk scoring was developed according to the published data [24, 25] . Text message alerts of abnormal BP variability detected by the cloud engine will be pushed to the PCPs' app when they occur, and proactive interventions including phone consultations, medication dosage adjustments, or referrals can be offered to patients. A joint case review session will be set once every 1-2 months for PCPs and partnering cardiologists to exam patients' disease progresses to determine if further medical treatments need to be administered. The proprietary web-based analytic module also produces automated medication recommendations to PCPs based on each patient's disease condition.
All patients in Groups 2 and 3 receive proficiency training in using the BP telemonitor and mobile app. PCPs and cardiologists in Group 3 receive training on access and use of the password-protected CareLinker website.
Data collection and management
The processes of data collection, storage, analysis, display, and delivery are achieved through the interplay of the web server, web application software, General Packet Radio Service (GPRS)-enabled BP telemonitor, and userend applications (apps) for patients or physicians. All these components are deployed on computer servers owned by and located within CareLinker and operated behind the company firewall.
Patients' blood pressures are self-measured using the BP telemonitor (Bliss, Shenzhen China), and the readings are encrypted with the GEA4 algorithm and autosent to the web server through the mobile network GPRS protocol. The GEA4 is a widely used encryption algorithm published by the European Telecommunications Standards Institute (ETSI). Each BP telemonitor has its unique device ID bound to one patient ID, the change of which is subject only to the clinical trial administrator in the case of device failure. Auto-submitted BP measures by the BP telemonitor help avoid errors or bias that may otherwise occur in the manual input process. Lab tests of HbA1C and blood lipids are performed at baseline and at each follow-up visit, and the blood samples will not be stored. The test results and other medical information are manually recorded into the patient app by research nurses, and error-checked with format, range, and logic rules built into the app before being sent to the web server. An additional designated research staff will proofread all patients' health information by comparing with the original reports. The study procedure and data collection are detailed in the SPIRIT figure (Additional file 2) .
The The data are automatically synchronized from the master to the slave, and the slave can be autoswitched to perform as the master if the original master fails. Regular backups are carried out to prevent accidental data loss. All patients, PCPs, and cardiologists have their unique IDs, and their login passwords are encrypted and kept anonymous to the database administrator. The database is also password protected, with access only to the administrator and staff members whose IPs have been previously registered in a white list. The research staffs is only provided with read permission to the database.
Study management
A steering committee has been established to serve as the main governing body of this study. It is composed of cardiologists and clinical research scientists from Shanghai Chest Hospital and epidemiologists from Shanghai JiaoTong University, School of Medicine. The major responsibility of the steering committee is to evaluate, advise on, and approve the study protocol with modifications, communicate with the Ethics Committee, and supervise the practice of community hypertension care in accordance with China's national hypertension management guideline.
The sponsor of the project is Shanghai Chest Hospital, which is indemnified for any harms as the result of trial participation. A project management team consisting of the principal investigator and the clinical trial operation director has been formed to manage the everyday operation of the study. The operation director is responsible for all decisions on the trial management and intervention delivery.
An independent, external monitor will carry out onsite monitoring, overseen by the study sponsor, once every month at each site following the risk-based monitoring plan established for the study. Safety reporting will follow the safety guidelines of the Project Monitoring Plan, and all adverse events will be recorded in the database.
An Independent Data Monitoring and Safety Committee, consisting of physicians and bioethicists from Shanghai Chest Hospital and statisticians from Shanghai JiaoTong University, School of Medicine, has been established for the trial. This committee is independent from the sponsor and has no competing interests. The committee will be in charge of auditing the trial once every quarter and will meet every 6 months to oversee all ethical and safety issues of the study. The Committee Charter is available from the operation director who manages and coordinates the trial.
Statistical hypothesis, methods, and analyses
The formal null hypothesis to be tested in this study is that there is no difference in mean change in SBP over a 12-month period among patients from the intervention and control groups. If a significant difference is found among the three groups, we will perform pairwise comparisons, i.e., Group 1 vs Group 2, Group 1 vs Group 3, and Group 2 vs Group 3. As our main goal is to examine whether the most intensive care (Group 3, the PCTM intervention) is more effective in BP control than usual care (Group 1), the alternative hypothesis in this comparison is that Group 3 shows a significant improvement of BP from baseline to 12 months follow-up.
We will conduct the primary statistical analysis on an ITT basis with full endeavor to acquire a complete dataset of every patient. The collected trial data will be coded and entered into MATLAB version 2014a and SPSS version 22 for statistical analysis. Comparative statistics of means or percentage rates of different study arms will be presented with two-sided 95% confidence intervals (CIs), and statistical tests will be reported as a two-sided significance level of 5%. A fully specified Statistical Analysis Plan (SAP) that includes detailed analytics of the trial datasets will be prepared and completed before locking the database.
Baseline data will be analyzed and presented using numerical summaries and graphical illustrations. We will perform F tests for continuous variables and Pearson's chi-square tests for categorical variables to assess the difference of baseline characteristics among the three groups. To analyze the primary outcome, we will use a linear mixed model to identify the effectiveness while adjusting the baseline using the following covariates as appropriate: baseline SBP, age, gender, BMI, education levels, exercise, drinking patterns, tobacco use, and CHCs. Only those covariates found to be statistically significant to the outcomes will be selected as explanatory variables for inclusion in the final model. All statistical tests are performed using F tests. We intend to use Fisher's protected least significant difference (LSD) method to protect against multiple comparisons, followed by pairwise comparisons between study groups only if the overall F test is significant. The secondary endpoints of DBP, HbA1C, blood lipid levels, and medication adherence will be determined separately between baseline and the follow-up time points for patients of the three study arms. The analytical approach will be identical to those described in the above section for primary outcome analysis.
Missing data will be assumed to be missing at random; therefore, the linear mixed model has already accounted for this assumption. We will use multiple imputation methods to analyze the missing data.
We will also carry out subgroup analyses of the primary and secondary outcomes stratified by the following characteristics at baseline: BMI (<24, ≥24), hypertension stage (stage1, stage 2, and stage 3), education level (non-college, college, or above), presence of one or more comorbidities, and self-reported medication adherence. No formal interim analysis of the primary and secondary outcomes is planned, but progress reports will be prepared and presented to PCPs and partnering cardiologists every 3 months.
Adverse events reporting
Serious adverse events will be self-reported at the 6 months (T2) and 12 months (T3) visits to CHC. These events include hospitalization longer than 24 hours, emergency room visits, and other potentially relevant adverse cases of death, acute cerebro-cardiovascular accident, and kidney failure. Research staff members will review the reporting and patient's healthcare record to determine the correlation to the intervention and trial participation.
Discussion
China is experiencing an epidemic of chronic diseases, among which hypertension and its complications top the list [1, [26] [27] [28] [29] . The traditional model of physician-centered clinic visit has proven ineffective, as a very small number of available PCPs is facing an evergrowing number of patients, leading to limited time to be spent on each patient for collecting information and making exams and therapeutic decisions. New initiatives aiming to improve the efficiency of care delivery such as adopting EHRs, promoting community healthcare guidelines, and using mobile healthcare technologies have been put into action, yet in China few RCTs have been conducted to validate their effectiveness [30] . The other challenge the community healthcare service is confronting is that PCPs may not have sufficient experience to identify and manage hypertension-relevant CVD complications in time. To fulfill the task of improving population BP control to contain CVD risks, the healthcare regulators in Shanghai, China are testing a novel hypertension management model -PCTMin which PCPs are closely partnering with cardiologists from university hospitals in data sharing and disease treatment by taking advantage of a set of telemedicine tools that allow home-based telemonitoring, app-based lifestyle coaching and text consultation, and auto risk analysis to assist proactive intervention [31] . The present randomized trial is thus designed to provide evidence for future integration into the existing healthcare systems.
Trials from other countries have examined the effects of BP or diabetic control in various primary care setups, and most of these studies found improved outcome measures after interventions. In general, three types of interventional models can be differentiated. The first is patient-centered care delivery. This approach has been trialed to strengthen disease awareness and medication adherence, and recent studies of such often involve adoption of tele-healthcare tools such as an app, text messaging, or telemonitoring devices [32] [33] [34] [35] [36] [37] [38] [39] . The second is provider-centered care delivery. The focus of this model is on physician support, with the assistance of nurses, clinical pharmacists, medical educators, dietitians, or clinical decision support algorithms [40] [41] [42] [43] [44] [45] . The third and latest approach is centered on the combination of both models [46] [47] [48] [49] [50] [51] . Meta-analyses of hypertension care studies and the results from a four-arm diabetic care study all lead to the conclusion that provider-assisted self-management is more effective in healthcare outcomes [9, 11, [52] [53] [54] [55] . In contrast to these trials that recruited medical assistants such as nurses as PCP support for intervention, the current PCTM study has the objective to instead add specialists from secondary or tertiary medical centers to intensify the care process. This model is particularly designed to fit into the currently revamping scheme of China's community healthcare system to support the hypothesis that extending the role of specialists and making them more available to community healthcare services can enhance their effectiveness.
Besides testing the efficacy of the intervention, this study will have several other impacts if successful. First of all, this model can be replicated to apply to the management of other chronic conditions, as the care of diabetes, cardiac disease, and asthma/chronic obstructive pulmonary disease follows similar clinical pathways of telemonitoring, lifestyle, and medical interventions. Next, it provides the feasibility and acceptability evidence of employing mobile technologies to deliver healthcare services by capitalizing on the world's largest population pool of smart phone users. The upward trend of elderly people using mobile apps for social networking in large cities in China has prepared them with the skills and proficiency to receive clinical care through the mobile platform. Policy makers in other geographic regions across the country could therefore develop and roll out similar telemedicine services. Last but not the least, surveys led by various health bureaus all indicate that patients in China have the perception of receiving better quality of care if specialists from tertiary medical centers are members of their healthcare team. Therefore, the model of integrating specialist service may enhance patient adherence to coaching and medication and may eventually translate to medical outcomes.
We also acknowledge limitations in this study. First, this is an open-label trial, as both patients and physicians are aware of the grouping information. Patient bias, especially for those in the control group, may occur when they are not compliant with follow-up clinic visits and even choose to discontinue the participation, while physician bias may occur when they provide interventions to the test group patients. We attempt to address this issue through intensive training of participating physicians and research nurses prior to the beginning of this study, and by setting up a project management team to continuously oversee the study progress to ensure that the protocol is being properly followed. Second, the recruited patients may reflect only a subpopulation who are frequent users of smart phones and mobile apps. Their demographic and healthcare profile may be distinctive from the rest of the hypertensive population, who are of different ages, at different geographic locations, and have less access to the Internet. Finally, the present study only involves four CHCs and one university hospital in Shanghai; thus, the findings and the PCTM model under study may not be generalized to other regions in China.
Trial status
This trial is ongoing. The study began in September 2016, and follow-up is expected to be completed by March 2018 (Additional file 2). 
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